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MULTI-PART SUBSTITUTION INFUSION 
FLUIDS AND MATCHING 
ANTICOAGULANTS 

RELATED APPLICATIONS 

This application is a continuation-in-part of US. patent 
application Ser. No. 09/959,543, now US. Pat. No. 6,743, 
191 ?led Oct. 23, 2001, Which is a Section 371 ?ling of 
PCT/EP00/03583 ?led Apr. 20, 2000, Which claims priority 
to EP 992013029 led Apr. 26, 1999 the entire contents of 
Which are all herein incorporated by reference in their 
entirety. 

FIELD OF THE INVENTION 

The invention relates to multi-part substitution infusion 
?uids useful for continuous extracorporeal treatment of 
blood and matching citrate/citric acid anticoagulant solu 
tions. Among these treatments continuous-veno-venous 
hemo?ltration (CVVH) is a Widely used technique. 

BACKGROUND OF THE INVENTION 

Extracorporeal blood treatment is a therapy that is Widely 
used for critically ill patients. Many of these patients suffer 
from acute renal failure and are treated With continuous 
renal -replacement therapy (CRRT), a form of extracorporeal 
blood treatment that is normally performed in the Intensive 
Care Units (ICU’s). In ICUs, CRRT therapy is mostly 
employed as so-called continuous veno-venous hemo?ltra 
tion (CVVH) and to a lesser extent as continuous arterio 
venous hemo?ltration (CAVH) or continuous veno-ar'terial 
hemo?ltration (CVAH), all of Which represent various forms 
of hemo?ltration. 

Another form of renal replacement therapy that can be 
used for patients With renal failure in ICU’s is hemodialysis. 
Pure hemo?ltration as a renal-replacement therapy in an 
ICU can also be combined With hemodialysis as so-called 
continuous-veno-venous-hemodia?ltration (usually abbre 
viated as CVVHD or CVVHDF) or as continuous-arterio 
venous-hemodia?ltration (usually abbreviated as CAVHD 
or CAVHDF). The addition of hemodialysis to a hemo?l 
tration therapy implies the addition of a hemodialysis ?uid 
(a so-called ‘dialysate’) ?oW, making such combined 
therapy forms more complex than pure hemo?ltration. 
Hemodialysis usually can only be applied for a feW hours 
per day and is much less effective than pure hemo?ltration. 

Typically, in extracorporeal treatments such as CVVH, 
CAVH, CVVHD, CAVHD, CVAH, and hemodialysis an 
arti?cial kidney is used. This kidney may be formed of 
holloW-?bers or of plates, and is connected to a patient’s 
bloodstream by an extracorporeal circuit. In CVVH(D) the 
supply from and return to the blood of the patient is made via 
tWo venous accesses, using a blood pump to provide the 
driving force for the transport of blood from the patient into 
the arti?cial kidney and back to the patient. In CAVH(D), the 
access Which provides the supply of blood to the arti?cial 
kidney is made via an artery and the return of the blood to 
the patient is made via a venous access. In this set-up in most 
cases blood pumps are generally not used because the 
arterial blood pressure is used to provide the driving force 
for the transport of blood, Which implies that the blood ?oW 
rate directly varies With the blood pressure. Because of 
better control of blood ?oW, no risk of arterial catheter 
related complications, and higher treatment e?iciency, 
CVVH is preferred above CAVH as renal replacement 
therapy in ICU’s. 
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2 
In CVVH the patient’s blood is passed through the 

arti?cial kidney, over a semipermeable membrane. The 
semipermeable membrane selectively alloWs plasma Water 
and matter in the blood to cross the membrane from the 
blood compartment into the ?ltrate compartment, mimicking 
the natural ?ltering function of a kidney. This leads to a 
considerable loss of ?uid from the blood, Which is removed 
as the ?ltrate in the arti?cial kidney. Every liter of ?ltrate 
?uid that is removed in the arti?cial kidney, contains a large 
fraction of the molecules that are dissolved in the plasma, 
like urea, creatinine, phosphate, potassium, sodium, glucose, 
amino acids, Water-soluble vitamins, magnesium, calcium, 
sodium, and other ions, and trace elements. The fraction of 
the molecules that passes the semipermeable membrane 
depends mainly on the physico-chemical characteristics of 
the molecules and the membrane. In order to keep the blood 
volume of the patient at a desired (constant) level, a substi 
tution infusion ?uid is added to the blood stream in the 
extracorporeal circuit, after is has passed through the arti 
?cial kidney and before it re-enters the patient’s vein. 

In a normal CVVH procedure, approximately 50 liters of 
?ltrate are removed per 24 hours, and approximately the 
same amount of substitution infusion ?uid is added into the 
return of blood side of the extracorporeal circuit. The 
substitution infusion ?uid commonly used is conventional 
infusion ?uid consisting of a physiological saline solution 
generally only containing about 140 mmol/L of sodium ions, 
1.6 mmol/L of calcium ions, 0.75 mmol/L of magnesium 
ions, 36 mmol/L of bicarbonate ions, and 110 mmol/L of 
chloride ions. All forms of hemodialysis or hemodia?ltration 
therapies are characteristically different from pure hemo?l 
tration by the use of a dialysate ?uid ?oW along the 
semipermeable membrane side opposite to the blood side. 
The removal of molecules (clearance) in hemodialysis is 
dependent on the diffusion of molecules through the semi 
permeable membrane, While in hemo?ltration the molecules 
are removed by pulling the plasma through the semiperme 
able membrane, a process that is named convection. With 
convection the fraction of larger molecules that passes 
through the semipermeable membrane is much larger than 
With di?‘usion. Therefore, all hemodialysis forms of treat 
ment are much less effective in removing larger molecules 
than pure hemo?ltration. 

In order to prevent coagulation of the blood during 
hemo?ltration, usually an anticoagulant is added to the 
blood in the extracorporeal circuit before it enters the 
arti?cial kidney. In the past, heparin or fractionated heparin 
Was often used for this purpose. A draWback of the use of 
heparin, hoWever, is that this use leads to systemic antico 
agulation (i.e., anticoagulation of all blood including that 
Within the patient), giving rise to the risk of the occurrence 
of serious bleeding complications, particularly in seriously 
ill patients. 

Instead of heparin, citrate ions can be used as anticoagu 
lant, as has been proposed for the ?rst time by Pinnick et al., 
NeW England Journal of Medicine 1983, 308, 2584263, for 
hemodialysis. Citrate ions, usually added in the form of 
trisodium citrate, are believed to bind free calcium ions in 
the blood, Which have a pivotal role in the coagulation 
cascade. 

Citrate ions, added to the blood into the extracorporeal 
circuit before it enters the arti?cial kidney, are only active as 
an anticoagulant in the extracorporeal circuit, Whereby the 
risk of bleeding complications due to systemic anticoagu 
lation is avoided. When citrate ions are applied during 
hemodialysis forms of treatment, a calcium-and magnesium 
free substitution ?uid or dialysate is required. Therefore, the 
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application of citrate ions during hemodialysis is more 
complex than during pure hemo?ltration. 

Citrate ions are mainly metabolized in skeletal muscle and 
liver tissue. Only in cases of severe hepatic failure combined 
With severe shock, or of certain (rare) metabolic diseases, 
the metabolism of citrate may run short, leading to too high 
citrate concentrations in the systemic blood circulation, 
Which on its turn may endanger the patient. Accordingly, 
citrate ions are an attractive anticoagulant for use in pure 
hemo?ltration procedures, especially for use in CVVH treat 
ment in ICU patients. 

During hemo?ltration, part of the citrate ions is removed 
from the blood in the arti?cial kidney. The citrate ions that 
?oW over into the systemic circulation of the patient, are 
rapidly metaboliZed to bicarbonate ions in skeletal muscle 
and liver tissue (about 2.8 molecules bicarbonate are made 
from 1 citrate molecule). Because trisodium citrate contains 
on a molar basis three times as many sodium ions as citrate 
ions, the sodium ions that ?oW over into the systemic 
circulation of the patient signi?cantly increases the blood 
sodium concentration. As a result, hypernatremia and/ or an 
abnormal increase in bicarbonate ions (metabolic alkalosis) 
may occur. Therefore, replacement of a part of the trisodium 
citrate by citric acid may reduce the sodium load and, by its 
acid component, neutraliZes part of the bicarbonate gener 
ated. Accordingly, a mixture of trisodium citrate With citric 
acid, is a more attractive anticoagulant for use in hemo?l 
tration procedures than trisodium citrate alone, especially 
for use in CVVH treatment in ICU patients. 

Because citrate ions bind to positively charged metal ions 
like calcium, magnesium, iron, Zinc, copper, and manga 
nese, these ions are also partly removed in the arti?cial 
kidney, leading to a net removal of calcium and magnesium 
ions and other metal ions from the patient’s blood. As a 
result, hypocalcemia and/or hypomagnesemia and/or short 
ages of other metal ions may be induced in the patient. 
Especially the hypocalcemia, hypomagnesemia, and/or 
metabolic alkalosis, may induce life-threatening complica 
tions in the patient. 

The process of hemo?ltration, induces a net removal of 
phosphate and potassium ions, trace elements, Water-soluble 
vitamins, amino acids and of glucose in the arti?cial kidney. 
For example, When during CVVH 50 liters of plasma ?ltrate 
per day are removed, it usually contains all of the dissolved 
urea, creatinine, sodium, potassium, and bicarbonate, and 
signi?cant amounts of the other dissolved molecules like 
phosphate, calcium salts, trace elements, Water-soluble vita 
mins, amino acids, and/or glucose. This may lead to signi? 
cant degrees of hypovolemia, hypophosphatemia, hypokale 
mia, and shortages of trace elements, Water-soluble 
vitamins, amino acids, and/or glucose, With the risk of 
deteriorating the patient’s condition. Especially the hypo 
phosphatemia may also induce life-threatening complica 
tions in the patient. In order to prevent these complications 
from occurring, it is crucial to return an appropriate volume 
of substitution infusion ?uid per unit of time, containing 
appropriate amounts of the removed molecules that are 
needed by the patient. 

SUMMARY OF THE INVENTION 

The present invention provides one or more substitution 
infusion ?uids combined With matching anticoagulant cit 
rate solutions useful for extracorporeal blood treatments 
such as, but not limited to, all forms of pure hemo?ltration, 
hemodialysis, hemodia?ltration, combinations of hemo?l 
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4 
tration and oxygenation, systemic reWarming, and continu 
ous plasma ?ltration absorption (CPFA). 

In one embodiment of the present invention a single 
substitution infusion ?uid comprising sodium ions, phos 
phate ions, calcium ions, magnesium ions, potassium ions, 
and optionally glucose, acetate ions, chloride ions and 
bicarbonate ions is provided. 

In another embodiment of the present invention a tWo part 
substitution infusion ?uid is provided comprising a ?rst 
substitution infusion ?uid comprising electrolytes but 
excluding magnesium and calcium, and a second aqueous 
substitution infusion ?uid comprising calcium ions and 
magnesium ions. As used herein electrolytes shall include 
but are not limited to any one or more of the folloWing: 
potassium, sodium, chloride and phosphate ions. In an 
alternative embodiment glucose, potassium and/or phos 
phate can be included in the ?rst or second substitution 
infusion ?uid. 

Both the single and tWo part substitution infusion ?uids of 
the present invention are generally used With a matching 
citrate anticoagulant solution comprising trisodium citrate 
and citric acid. 

In one embodiment of the present invention a tWo part 
aqueous substitution infusion ?uid for an extracorporeal 
blood treatment is provided having a ?rst aqueous substi 
tution infusion ?uid comprising from about 70 mmol/L to 
about 130 mmol/L sodium ion, from about 0.01 mmol/L to 
about 5 mmol/L potassium ion, from about 100 mmol to 
about 150 mmol/L chloride ion, from about 0.01 mmol to 
about 1.5 mmol/L phosphate ion and, optionally, from about 
2 mmol/L to about 11.5 mmol/L glucose together With a 
second aqueous infusion ?uid comprising from about 10 
mmol/ L to about 35 mmol/L calcium ion and from about 2.5 
mmol/L to about 20 mmol/L magnesium ion. 

Optionally, either the ?rst or the second substitution 
infusion ?uid may comprise from about 0.4 to about 0.8 
mmol/L of phosphate ions. 

In another embodiment of the present invention the tWo 
part aqueous substitution infusion ?uid may also contain 
iron ions, and/or Zinc ions, copper ions, manganese ions, 
Water-soluble vitamins, amino acids and/or other trace ele 
ments. 

The present invention may also include a matching citrate 
anticoagulant solution comprising betWeen 19 and 135 
mmol/L of citric acid; and betWeen 80 and 550 mmol/L of 
trisodium citrate. 

In another embodiment the matching citrate solution may 
contain trisodium citrate in an amount of betWeen 106 and 
300 mmol/L. 

In yet another embodiment of the present invention the 
matching citrate solution may comprises about 38*39 
mmol/L of citric acid and about 211*212 mmol/L of triso 
dium citrate. 

Another aspect of the present invention includes an extra 
corporeal blood treatment including the steps of providing 
blood to an arti?cial kidney via an extracorporeal circuit; 
adding a citrate/ citric acid anticoagulant to the blood prior to 
entering the arti?cial kidney, ?ltering the blood using a 
semi-permeable membrane, adding a substitution ?uid back 
to the ?ltered blood, returning the ?ltered blood containing 
the substitution ?uid back to the patient Wherein said anti 
coagulant and said substitution ?uid are matched to provide 
for consistent concentrations of systemic electrolytes in a 
patient undergoing extracorporeal blood treatment. 

Also provided With the present invention is a kit for 
performing an extracorporeal blood treatment including a 
citrate/citric acid anticoagulant composition and a matched 
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substitution ?uids that provide for consistent concentrations 
of systemic electrolytes in a patient undergoing extracorpo 
real blood treatment. 

Another embodiment of the present invention is a three 
part system for extracorporeal blood treatment including a 
?rst aqueous substitution infusion ?uid comprising sodium 
ions, potassium ions, chloride ions and phosphate ions 
together With a second aqueous infusion ?uid comprising 
calcium ions and magnesium ion together With a matching 
citrate/citric acid anticoagulant solution. 

These and other embodiments of the present invention 
Will be more fully understood by reference to the ?gures and 
the detailed description that folloW. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 schematically depicts an exemplary extracorporeal 
treatment process of the present invention. 

FIG. 2 schematically depicts an exemplary alternative 
extracorporeal treatment of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

As explained above, extracorporeal treatments for use 
according to the present invention include but are not limited 
to various renal-replacement therapies, such as pure hemo 
?ltration (for example, CVVH, CAVH, CVAH), hemodialy 
sis, hemodia?ltration, as Well as combinations of hemo?l 
tration and oxygenation, systemic reWarming, and 
continuous plasma ?ltration absorption (CPFA). As used 
herein the term “pure hemo?ltration” shall be used to 
distinguish hemo?ltration from hemodia?ltration. Hemodia 
?ltration combines dialysis With hemo?ltration. The present 
invention provides compositions and methods for prevent 
ing complications associated With certain extracorporeal 
treatments such as continuous-veno-venous-hemo?ltration 
procedures, especially When citrate ions are used as antico 
agulant. 

Surprisingly, it has been found that these goals may be 
reached by making use of a substitution infusion ?uid of a 
speci?c composition. The term “substitution infusion ?uid” 
as used herein may also be referred to as “replacement ?uid” 
or “substitution ?uid.” No distinction betWeen the claimed 
substitution infusion ?uids and other “replacement ?uids” or 
“substitution ?uids” is inferred by the present inventor’s 
choice of terms. Accordingly, in one embodiment the present 
invention relates to an aqueous substitution infusion ?uid for 
extracorporeal treatments comprising (as used herein 
mmol/ L is “millimoles” of the salt or ion per liter of aqueous 
substitution infusion ?uid) betWeen 0.2 and 1, preferably 
betWeen 0.5 and 0.9 mmol/L of dihydrogen phosphate ions; 
betWeen 70 and 130, preferably betWeen 90 and 120 mmol/ L 
of sodium ions; betWeen 1.6 and 2.6, preferably betWeen 1.9 
and 2.4 mmol/L of calcium ions; betWeen 0.25 and 1.25, 
preferably betWeen 0.5 and 1.0 mmol/ L of magnesium ions; 
betWeen 1 and 4, preferably betWeen 1.8 and 3.5 mmol/L of 
potassium ions; betWeen 2 and 11.5, preferably betWeen 5.5 
and 7.5 mmol/L of glucose; beloW 5.5 mmol/L, preferably 
betWeen 0 and 3.1 mmol/L of acetate ions; and beloW 5.5. 
mmol/ L, preferably betWeen 0 and 3.1 mmol/L of bicarbon 
ate ions. This substitution infusion ?uid is usually supple 
mented With chloride ions to achieve a neutral electrochemi 
cal balance. 

In another embodiment of the present invention the cal 
cium and/or magnesium may be removed form the substi 
tution infusion ?uid and provided as a separate infusion 
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6 
?uid. This embodiment has the advantage of being more 
stable during long term storage than substitution infusion 
?uids that combine calcium and magnesium With other 
electrolytes, anions and salts thereof. Moreover, calcium and 
magnesium-free infusion ?uids are more readily adaptable 
to procedures Wherein the substitution ?uid is infused prior 
to ?ltration versus post-?ltration infusion. 

Persons having ordinary skill in the art of extracorporeal 
blood treatments Will realiZe that balancing ?uid input and 
output is often required to prevent hypertension as Well as 
other syndromes associated With dehydration or over-hydra 
tion. The multi-part substitution ?uids of the present inven 
tion provide a convenient means for achieving optimum 
?uid balance. The physician having ordinary skill is able to 
closely monitor ?uid intake and electrolyte balance and 
increase or decrease the total volume of substitution infusion 
?uids provided to the patient as needed. Furthermore, the 
ordinary skilled physician Will combine his/her clinical 
judgment With laboratory test results. Moreover, the major 
ity of modern extracorporeal blood treatment devices, 
including but not limited to arti?cial kidneys or plasma?l 
ters, have ?uid balances integrated into their delivery sys 
tems that Will alarm an attending physician or nurse should 
?uid input exceed ?uid output or visa versa. Moreover, most 
extracorporeal blood treatment devices are fully program 
mable alloWing for precise ?uid balance regulation and 
control. 

For example, and not intended as a limitation, a tWo-part 
aqueous substitution infusion ?uid made in accordance With 
the teachings of the present invention may include a ?rst 
aqueous substitution infusion ?uid comprising from about 
70 mmol/L to about 130 mmol/L of sodium ion, from about 
0.01 mmol/L to about 5 mmol/L of potassium ion, from 
about 100 mmol/L to about 150 mmol/L of chloride ion, 
from about 0.01 mmol/L to about 1.5 mmol/L of phosphate 
ion and, optionally, from about 2 mmol/L to about 11.5 
mmol/L of glucose. 
The ?rst substitution infusion ?uid described above could 

then be used in combinations With a second aqueous infu 
sion ?uid comprising from about 10 mmol/L to about 35 
mmol/L of calcium ion, from about 2.5 mmol/L to about 20 
mmol/L of magnesium ion and, optionally, from about 30 
mmol/L to about 100 mmol/L of any one or more of 
sulphate, gluconate, glubionate or chloride ion. 

Moreover, in another embodiment the substitution infu 
sion ?uids of the present invention (both the one-part and the 
tWo-part substitution infusion ?uids) may be used With a 
matching citrate solution. The same citrate solution is used 
regardless of Whether a one part or tWo-part substitution 
infusion ?uid is used. Thus by using the speci?c substitution 
infusion ?uid together With a matching citrate anticoagulant 
solution in an extracorporeal blood treatment procedure, the 
concentrations of potassium, phosphate, calcium, magne 
sium, bicarbonate ions, and glucose remain substantially 
Within acceptable ranges. In most cases, the concentrations 
of these ions and glucose remain more or less constant in the 
systemic blood of the patient undergoing, for example, 
hemo?ltration. Consequently, the chances of the occurrence 
of the problems encountered in hemo?ltration to date are 
signi?cantly reduced, if not eliminated altogether. Particu 
larly, the chances of the above-indicated complications 
including electrolyte or acid-base abnormalities and/or 
severe bleeding are signi?cantly reduced. 
The substitution infusion ?uids according to the present 

invention may be conveniently prepared by dissolving salts 
in Water in such amounts that the desired concentrations are 
reached, as is Well Within the expertise of the normal person 
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skilled in the art. During preparation, it is desired that a 
sterile environment is maintained. Accordingly, the substi 
tution infusion ?uids preferably are sterile, according to the 
European Pharrnacopeia or United States (US) Pharma 
copeia, thereby avoiding the risk of infections in a patient 
When the ?uids are used during hemo?ltration. 

Typically, substitution infusion ?uids are hypotonic. 
Exemplary values are betWeen 200 and 270 mOsm/L. Nev 
ertheless, it has been found that the ?uid is Well tolerated by 
patients When it is used in a hemo?ltration procedure. It has 
been found that the hypotonicity is in fact bene?cial by 
compensating for the hypertonicity induced at the arterial 
side of the extracorporeal circuit by the anticoagulant. The 
result is that the blood that is returned into the patient’s 
blood stream has substantially normal (physiological) osmo 
larity. 

Surprisingly, it has also been found that the prevention of 
the occurrence of the above-described complications may be 
further improved by making use of a matching citrate 
anticoagulation ?uid in accordance With the teachings of the 
present invention. Accordingly, the invention also relates to 
an aqueous citrate anticoagulation ?uid for extracorporeal 
treatments comprising betWeen 19 and 135 mmol/L of citric 
acid; and betWeen 80 and 550 mmol/L of trisodium citrate, 
preferably betWeen 106 and 300 mmol/L of trisodium cit 
rate. 

By using the citrate anticoagulation infusion ?uid accord 
ing to the invention in an extracorporeal treatment, the blood 
is effectively anticoagulated Within the extracorporeal cir 
cuit and not Within the systemic circulation of the patient and 
the concentrations of sodium, potassium, calcium, magne 
sium, and bicarbonate ions remain substantially Within 
ranges of Which it is accepted that they do not lead to 
unacceptable risk of complications Within the patient. This 
citrate anticoagulant solution could be used in any appro 
priate extracorporeal blood treatment and is especially use 
ful during all kinds of pure hemo?ltration procedures in 
combination With the matching substitution infusion ?uids 
according to the present invention. In one exemplary 
embodiment, such solution may include, for example, a one 
part substitution infusion ?uid comprising about 118 
mmol/L of sodium ions, about 2.3 mmol/L of calcium ions, 
about 2.6 of potassium ions, about 0.8 mmol/L of phosphate 
ions, about 0.9 mmol/L of magnesium ions, about 6.5 
mmol/L of glucose, less than 5.5 mmol/L of acetic acid, and 
chloride ions to keep electrochemical balance. Moreover, it 
may be desirable to add about 0.0 mmol/L to about 5.5 
mmol/L of acetate ion to prevent the formation of calcium 
phosphate sedimentation in the one part substitution infu 
sion ?uid. In other embodiments, for example, glucose 
and/or acetic acid and/or phosphate can be omitted, as Well 
as concentrations of other ingredients can be adjusted up or 
doWn as necessary. 

In another embodiment of the present invention a tWo -part 
substitution infusion ?uid is used in combination With the 
matching citrate solution. Such tWo-part substitution infu 
sion ?uid for use in various extracorporeal treatments Will 
comprise a ?rst infusion substitution ?uid including elec 
trolytes, but excluding calcium and magnesium, and a 
second infusion ?uid comprising calcium and magnesium. 
In one preferred example, the tWo part substitution infusion 
?uid may comprise a ?rst substitution infusion ?uid com 
prising betWeen about 117 and about 129 mmol/ L of sodium, 
betWeen about 2.5 and about 3.0 mmol/L of potassium, 
betWeen about 115 and about 140 mmol/L of chloride and 
betWeen about 0.7 and about 0.9 mmol/L of phosphate; and 
a second substitution infusion ?uid may comprise betWeen 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

8 
about 15 and about 25 mmol/L of calcium and betWeen 
about 10 and about 12 mmol/L of magnesium ions. Option 
ally, the ?rst substitution infusion ?uid may also comprise 
betWeen about 6.5 and about 7.1 mmol/L of glucose. In other 
embodiments, betWeen 0.4 and 0.8 mmol/L of phosphate 
ions may be added to either the ?rst of the second solution. 

In one embodiment of the present invention calcium ion 
provided in the form of a calcium salt selected from the 
group consisting of calcium glubionate, calcium chloride 
and calcium gluconate and magnesium ion is provided in the 
form of a magnesium salt selected from the group consisting 
of magnesium sulfate, magnesium chloride, magnesium 
glubionate and magnesium gluconate. 

In yet another preferred embodiment the tWo part substi 
tution infusion ?uid comprises a ?rst substitution infusion 
?uid comprising about 117 to about 118 mmol/L of sodium, 
about 6.5 to about 6.8 mmol/L ofglucose, about 2.6 to about 
2.8 mmol/L of potassium, about 115 mmol/L to about 140 
mmol/L of chloride and about 0.8 mmol/L phosphate; and a 
second substitution infusion ?uid comprising about 15 to 
about 24 mmol/L of calcium and from about 10 to about 15.5 
mmol/L of magnesium ions. In a further preferred embodi 
ment, the ?rst substitution infusion ?uid may comprise 
about 1184119 mmol/L of chloride ion. In yet another 
preferred embodiment, the second infusion ?uid may com 
prise about 24 mmol/L of calcium and about 10.8 mmol/L of 
magnesium. 

In a preferred embodiment a tWo part substitution infusion 
?uids is used in combination With a matching anticoagulant 
citrate solution. It has been found that When a tWo part 
substation ?uid of the type disclosed herein is used in 
combination With a matching solution of trisodium citrate 
consisting, for example, of about 1064300 mmol/L triso 
dium citrate as an anticoagulant, the concentrations of the 
indicated ions in the patient’s blood remain substantially 
Within the physiological range throughout the exemplary 
pure hemo?ltration procedure. 

In one preferred embodiment, the present citrate antico 
agulation solution, for example, for pure hemo?ltration 
treatment is an aqueous solution meeting the above require 
ments, comprising about 38439 mmol/L of citric acid and 
about 2114212 mmol/L of trisodium citrate. This citrate 
anticoagulation solution is preferably used in combination 
With a matching tWo part substitution infusion ?uid as 
disclosed above. 
By Way of example, the invention Will noW be described 

in more detail While referring to FIG. 1 Which illustrates the 
process of hemo?ltration by CVVH. Referring to FIG. 1, 
blood is extracted from a vein of a patient and transported to 
an arti?cial kidney (4, 5, 6) via the arterial side (1) of an 
extracorporeal circuit (1, 2) by the driving force of a blood 
pump (14). Anticoagulant, a matching citrate solution, is 
added to the blood betWeen the blood pump (14) and the 
arti?cial kidney. In another embodiment (not shoWn), the 
citrate anticoagulant can be added doWnstream of the blood 
pump (14). Optionally, an additional pump can be used to 
assist the ?oW of the citrate anticoagulant. 

In the arti?cial kidney, the blood is ?ltered over a semi 
permeable membrane (5). The ?ltrate is removed from the 
?ltrate compartment of the arti?cial kidney (6) via connect 
ing tubing (7). A pump (8) takes care of the transport of 
?ltrate into a collection reservoir (9). 
The retentate blood is transported back from the retentate 

compartment of the arti?cial kidney (4) to the patient’s 
blood stream via the venous side (return side) of the extra 
corporeal circuit (2), after passage of an airtrap (3). The 
airtrap serves to remove all air bubbles from the blood 
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before it is returned into the patient’s blood stream. Prefer 
ably, the blood is returned into the patient’s blood stream at 
the same place as at Which it Was extracted, e.g., by Way of 
a double-lumen venous catheter. 

Before the blood is returned to the patient, the substitution 
infusion ?uid is added from a reservoir (11), via a pump (12) 
and a heater (13). The heater ensures that the ?uid ultimately 
entering the patient’s body is substantially equal to the 
patient’s body temperature, thus making the entire proce 
dure substantially less uncomfortable. 

FIG. 2 depicts another embodiment Wherein a tWo part 
substation infusion ?uid is used necessitating tWo reservoirs 
(11) and (15) Which supply ?rst substitution infusion ?uid 
and the second substitution infusion ?uid via separate pumps 
(12) and (16) and heaters (13) and (17). If the volume of the 
calcium/magnesium substitution ?uid is relatively small, 
then it may not be necessary to heat such substitution ?uid 
and, therefore, the second heater (17) may be optional. 

During the procedure, the amount of ?ltrate collected in 
the reservoir (9) is determined accurately, e.g., by Weighing 
(device not shoWn). The amount of substitution infusion 
?uid added to the blood is adapted to this amount. This 
makes it possible to make sure that an exactly predetermined 
volume of ?uid is returned to the patient’s body, matching 
the originally extracted volume therefrom or adapted to the 
?uid balance needed in a particular patient. The ?oW through 
pumps (8) and (12) or (16) are accordingly precisely 
adjusted to one another. Typically, the substitution infusion 
?uid is administered (infused) into the blood at a rate of 
betWeen 1 and 80 ml/min per 200 ml/min blood. In practice, 
alerting means, such as an audible alarm, are often provided 
for alerting nursing personnel should an interruption of the 
blood, ?ltrate, or substitution ?oW occur. Typically, said 
speci?c anticoagulation ?uid of trisodium citrate and citric 
acid is infused into the blood at a rate of betWeen 1.3 and 4 
ml/min per 200 ml/min blood. 
We claim: 
1. A tWo part aqueous substitution infusion ?uid for an 

extracorporeal blood treatment comprising: 
a ?rst substitution infusion ?uid comprising from about 

70 mmol/L to about 130 mmol/L of sodium ion, from 
about 0.01 mmol/L of potassium ion, from about 100 
mmol/L to about 150 mmol/L of chloride ion and from 
about 0.01 mmol/L to about 1.5 mmol/L of phosphate 
ion; and 

a second aqueous infusion ?uid comprising from about 10 
mmol/L to about 35 mmol/L of calcium ion, and from 
about 2.5 mmol/L, to about 20 mmol/L of magnesium 
ion. 

2. The tWo part aqueous substitution infusion ?uid for an 
extracorporeal blood treatment according to claim 1 Wherein 
said ?rst substitution infusion ?uid further comprises from 
proximately 2 mmol/L to approximately 11.5 mmol/L of 
glucose. 

3. The tWo part aqueous substitution infusion ?uid for an 
extracorporeal blood treatment according to claim 1 Wherein 
said ?rst substitution infusion ?uid further comprises from 
approximately 5.5 mmol/L to approximately 7.5 mmol/L 
glucose and Wherein said second infusion ?uid further 
comprises calcium ion provided in the form of calcium 
chloride and magnesium ion provided in the form of mag 
nesium chloride. 
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4. The tWo part aqueous substitution infusion ?uid for an 

extracorporeal blood treatment according to claim 2 Wherein 
said second infusion ?uid further comprises calcium ion 
provided in the form of calcium chloride and magnesium ion 
provided in the form of magnesium sulfate. 

5. The tWo part aqueous substitution infusion ?uid for an 
extracorporeal blood treatment according to claim 2 Wherein 
said second infusion ?uid further comprises from about 30 
mmol/L to about 100 mmol/L selected from the group 
consisting of sulphate, gluconate, glubionate and chloride 
ion. 

6. The tWo part aqueous substitution infusion ?uid for an 
extracorporeal blood treatment according to claim 1, 
Wherein one of said ?rst substitution infusion ?uid and said 
second infusion ?uid comprises from about 0.4 to about 0.8 
mmol/L of phosphate ions. 

7. The tWo part aqueous substitution infusion ?uid for an 
extracorporeal blood treatment according to claim 1, 
Wherein said ?rst substitution infusion ?uid comprises about 
90 to about 120 mmol/L of sodium ions. 

8. The tWo part aqueous substitution infusion ?uid for an 
extracorporeal blood treatment according to claim 1, 
Wherein said ?rst substitution infusion ?uid comprises 
betWeen approximately 1.8 and 3.5 mmol/L of potassium 
ions. 

9. The tWo part aqueous substitution infusion ?uid for an 
extracorporeal blood treatment according to claim 1, 
Wherein said ?rst substitution infusion ?uid comprises 
betWeen approximately 5.5 and 7.5 mmol/L of glucose. 

10. The tWo part aqueous substitution infusion ?uid for an 
extracorporeal blood treatment according to claim 1, 
Wherein said ?rst substitution infusion ?uid comprises 
amino acids and/or trace elements. 

11. The tWo part aqueous substitution infusion ?uid for an 
extracorporeal blood treatment according to claim 1 Wherein 
said extracorporeal blood treatment is selected from the 
group consisting of pure hemo?ltration, hemodialysis, 
hemodia?ltration and continuous plasma ?ltration absorp 
tion. 

12. The tWo part aqueous substitution infusion ?uid for an 
extracorporeal blood treatment according to claim 1 further 
comprising a matching citrate anticoagulant solution. 

13. The tWo part aqueous substitution infusion ?uid for an 
extracorporeal blood treatment according to claim 12 
Wherein said matching citrate anticoagulant solution com 
prises betWeen 19 and 135 mmol/L of citric acid; and 
betWeen 80 and 550 mmol/L of trisodium citrate. 

14. The tWo part aqueous substitution infusion ?uid for an 
extracorporeal blood treatment according to claim 13 
Wherein said trisodium citrate comprises betWeen 106 and 
300 mmol/L of trisodium citrate. 

15. The tWo part aqueous substitution infusion ?uid for an 
extracorporeal blood treatment according to claim 12 
Wherein said matching citrate anticoagulant solution com 
prises about 38i39 mmol/L of citric acid end about 211*212 
mmol/L of trisodium citrate. 

16. The tWo part aqueous substitution infusion ?uid for en 
extracorporeal blood treatment according to claim 1 further 
comprising iron ions, ad/or Zinc ions, and/or copper ions, 
and/or manganese ions, and/or Water-soluble vitamins. 

* * * * * 
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